The thermal inactivation times, affinity to the substrate and processivity were determined for the wt M-MuLV RT (white columns), mutants carrying the individual mutations (grey columns), and the multiple mutant mut4_S (black column) as described in Materials and Methods. (A). The thermal inactivation half-life (t 1/2 ) of reverse transcriptases at 50°C in the presence of the template-primer substrate. The average values of at least three independent determinations ±1 SD are given. (B). Affinity to substrate. The equilibrium dissociation constant of the reverse transcriptase -template-primer complex (K D , pM) was measured using the electrophoretic mobility shift assay. The average values of at least two independent experiments ±1 SD are given. (C). Enzyme processivity (in nucleotides) at 37°C. The average values of at least two independent measurements ±1 SD are given.
A B Figure S3 . The rate of DNA synthesis.
The average rate of nucleotide incorporation (s -1 ) by the wild-type reverse transcriptase (white column), point mutants (grey columns) and multiple mutants (black columns) was measured at 37°C (panel A) and at 50°C (panel B). The measurements were performed using 10 nM enzyme, a saturating concentration of the 1.3 kb RNA transcript annealed to a DNA primer (200 nM) and 1 mM of each dNTP. The average values of at least three independent determinations ±1 SD are given. Figure S4 . Synthesis of 7.5 kb cDNA by the multiple mutant mut4_S (D200N; L139P; E607K; W388R). The highest temperature of the 7.5 kb cDNA synthesis was determined by performing the reverse transcription reactions at different temperatures and analyzing the reaction products by alkaline agarose electrophoresis. (A) The highest 7.5 kb cDNA synthesis temperature was determined for the wt reverse transcriptase (white column), mutants carrying the individual mutations (grey columns), and the multiple mutant mut4_S (black column). (B) The 7.5 kb cDNA synthesis experiment performed with the multiple RT mutant mut4_S. The samples were analyzed by alkaline agarose electrophoresis. FastRuler High Range DNA Ladder (Thermo Fisher Scientific; 10000, 4000, 2000, 1000, and 500 bp) was used as a reference.
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Supplementary Methods
Expression and purification of mutant M-MuLV reverse transcriptases for the preliminary screening
The genes of all M-MuLV reverse transcriptase variants were cloned into the pET21b plasmid with an N-terminal His-tag for affinity purification (Novagen). The amino acid sequence of wt M-MuLV reverse transcriptase is provided in the Supplementary Table S2 . The reverse transcriptases were expressed in E. coli ER2566 cells. Briefly, the E. coli cells carrying the expression plasmid were grown in 200 ml LB medium (50 µg/mL of ampicillin) at 37°C up to OD600 0.6-0.8. The protein expression was induced by adding isopropyl β-D-1-thiogalactopyranoside (IPTG) to a final 1 mM concentration and cells were grown for another 3 h. The wild-type and mutant enzymes were purified by the affinity chromatography using 2 ml of Ni-NTA Superflow (Qiagen) resin under native conditions following the supplier's recommendations. The elution was performed in 1 ml elution buffer (50 mM NaH 2 PO 4 , 300 mM NaCl, 250 mM imidazole, pH 8.0, 10 mM 2-mercaptoethanol and 0.1% of triton X-100). The purified enzyme samples were dialyzed against 50 volumes of the storage buffer [50 mM Tris-HCl (pH 8.3 at 25°C), 0.1 M NaCl, 1 mM EDTA, 5 mM DTT, 0.1% (v/v) Triton X-100 and 50% (v/v) glycerol] and stored at -20°C. The purity of target proteins was 50-80% as judged by SDS-PAGE. The protein concentrations were determined using Bradford reagent and BSA standard (Fermentas). The specific reverse transcriptase activity of all mutants at 37°C was comparable to that of the wt enzyme (50-150% wt activity, data not shown).
Expression and purification of mutant M-MuLV reverse transcriptases for detailed biochemical characterization
Detailed biochemical analysis of the reverse transcriptase mutants required enzymes of higher purity.
The E. coli ER2566 cells carrying the expression plasmid were grown in 200 ml LB medium (50 µg/mL of ampicillin) at 37°C up to OD600 0.6-0.8. The protein expression was induced by adding IPTG to 0.1 mM final concentration, and cells were grown at 27°C for another 6 h. His-tagged wt and mutant enzymes were first purified by the affinity chromatography using 2 ml of Ni-NTA Superflow (Qiagen) resin under native conditions as described above. The fractions containing reverse transcriptase were pooled, carefully diluted with 9 volumes of buffer P (25 mM Tris-HCl pH 8.0, 20 mM NaCl, 1 mM EDTA, and 0.2% Triton X-100), and applied to the P11 phosphocellulose column equilibrated with buffer P. The bound protein was eluted using a linear 20-1000 mM NaCl gradient in 50 mM Tris-HCl buffer (pH 8.0) supplemented with 1 mM EDTA and 0.2% Triton X-100. The eluted fractions containing the reverse transcriptase were dialyzed against 50 volumes of storage buffer mentioned above and stored at -20°C. The homogeneity of the target proteins after the second purification step was ~80-90% as judged by SDS-PAGE. The protein concentrations were determined using Bradford reagent and BSA standard (Fermentas).
Reverse transcriptase activity measurements
M-MuLV reverse transcriptases were diluted in the dilution buffer (30 mM Tris-HCl, pH 8.3 at 25°C, 10 mM DTT, 0.5 mg/ml BSA). The enzyme activity was assayed in the following final mixture: 50 mM Tris-HCl (pH 8.3 at 25°C), 6 mM MgCl 2 , 10 mM DTT, 40 mM KCl, 0.5 mM dTTP, 0. nucleotides). The activity units (one M-MuLV RT unit is defined as the amount of the enzyme that incorporates 1 nmol of dTMP into a polynucleotide fraction in 10 min at the specified temperature)
were determined by measuring the incorporation of [ 3 H]-dTMP into the polynucleotide fraction adsorbed on DE-81 filter paper (Whatman) in 10 min at 37° or 50°C.
Measurement of DNA synthesis rate
The reaction rates were determined by measuring the 
Fidelity of cDNA synthesis
The preliminary RT fidelity test was performed by synthesis of 1.3 kb cDNA from GAPDH mRNA (at 37°C and 50°C using wt M-MuLV or the multiple mutant mut5), conversion of cDNA into double-stranded DNA using 'RevertAid Premium Double-Stranded cDNA Synthesis Kit' (Thermo Scientific), cloning of the resultant DNA into the pJET1.2/blunt cloning vector (Thermo Scientific
CloneJET PCR Cloning Kit) and sequencing of the individual clones (15347 nucleotides in total were sequenced for the wt enzyme and 21437 nucleotides for the mut5 mutant).
The model of the full-length M-MuLV reverse transcriptase
The model of the full-length RNase H domain was produced using the PDB structures 2hb5 (Lim et al., 2006) and 2qk9 (Nowotny et al., 2007) as templates. The structural superposition was performed using the MultiProt server (Shatsky et al., 2004) (version available on the 20 th of August, 2011). The superposition was done at 3 Å resolution by taking into account the sequence order. After visual examination of the superimposed structures we decided to use the 2hb5 structure with excluded H96-I104 residues and the C-helical region comprising the residues from A93 to I239 from the 2qk9 structure for further modeling. 300 model structures were generated using MODELLER 9.9 program (Sali & Blundell, 1993) with default parameters for automodel class. The model having the lowest DOPE score was selected for further work.
The initial full-length M-MuLV RT model was generated using the I-Tasser server (Roy et al., 2010) (version available on the 23 rd of August, 2011), using the PDB structure 2fjw:A as a template (Goodwin et al., 2006) . I-Tasser modeling engine additionally used the M-MuLV RT structures 1rw3:A (Das & Georgiadis, 2004) and 1mml:A (Georgiadis et al., 1995) , and the HIV reverse transcriptase structures 1mu2:A (Ren et al., 2002) , 1vrt:A (Ren et al., 1995) , and 2zd1:A (Das et al., 2008 ). The initial model of the RNase H domain and its orientation therefore was generated entirely based on the structures of the HIV RT. The C-alpha RMSD between the initial model and the MMuLV structure 1rw3 was 1.09 Å (421 residues were aligned by the Multiprot server).
The final full-length model was produced by replacing the RNase H domain in the initial full-length model with the model of the RNase H domain described above using PyMOL (The PyMOL Molecular Graphics System, Version 1.4.1, Schrödinger, LLC). In order to remove the steric clashes the resultant structure was supplied as a user specified template for the I-Tasser server (version available on the 5 th of September, 2011). The RMSD between the final model and the PDB structure 1rw3 of the M-MuLV polymerase domain was 1.04 Å (421 residues aligned), and the RMSD P a g e | 9
between the final model and the PDB structure 2hb5 of the RNase H domain was 1.27 Å (132 residues aligned). 
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